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ABSTRACT

A half diallel cross among 9 inbred lines of maize (Zea mays L.) was evaluated under two locations (Fac. Agric. Moshtohor and Quesna menofiya Governorate) for some quantitative characters; i.e. days to 50 % tasseling, days to 50 % silking, plant height, ear height, ear leaf area, ear length, ear diameter, no of rows/ ear, No of kernels/row, 100-kernel weight, grain yield/plant and shelling%. General and specific combining ability were estimated according to Griffings (1956) diallel cross analysis designated as method 2 and 4 model 1 for each location as well as the combined over them.
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) combining ability effects in two methods (Griffing's M2 and M4) was highly significant for all traits. 

In significant F test were detected for additive gene effects, additive x location interaction, non-additive x location interaction and error insignificant between the two methods used in this concern for most traits. On the other hand, Significant F test were detected between the two methods used in this study for non-additive for all traits except ear diameter and shelling%.

The correlation coefficient of additive, non-addiitive, additive x location, non-additive x location effects, GCA/SCA, GCAXL/GCA, SCAxL/SCA and error in the two methods for most traits was highly significant between the two methods i.e. Griffing's method-2 and 4.
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INTRODUCTION
Maize (Zea mays L.) is one of the most important cereal crops in the world and ranks the third of most important cereal crops in the world. Also, it ranks the third of the world cereal crops which surpassed by wheat and rice. In the USA maize is considered the king of cereal crops. Successful development of improved maize

 (Zea mays L.) hybrids is sepended upon accurate evaluation of inbred lines under different environments.

The diallel analysis procedure suggested by Griffing (1956) is the most common procedure to evaluate the combining ability of lines and to determine the usefulness of lines in hybrids development showing the superior performance of those hybrids under different environmental conditions. The environmental factors are usually daily changed; hence, the studying of genotype environment interaction for plant breeders is of prime importance for devoting these effects which help in selecting the elite materials. However, location effect is one important factor which plays an important role in maize production.

The objectives of this investigation were to study: the magnitude of both general combining ability (GCA) and specific combining ability (SCA) effects and their interactions with two locations, and to make comparison between the two Griffing’s methods of diallel cross (method 2 and method 4) in the present investigation.

MATERIALS AND METHODS

Nine (Zea mays L.) red inbred lines developed by Quality Techno Seeds Company and were used to establish the experiment materials for several characters among inbred lines under study.

In the first summer season 2007, grains of the nine inbred lines were split sown in three planting dates to avoid differences in flowering time and to secure enough hybrid seed.  All possible cross combinations without reciprocals were made between the nine inbred lines by hand method giving a total of 36 crosses.

 In the second summer season 2008, nine inbred lines and their 36 hybrids were planted at two locations (Fac. of Agric. Moshtohor (L1) and district Quesna Menofiya Governorate (L2)).  In each experiment, the 9 inbred lines and their 36 hybrids were grown in a randomized complete block design with three replications. Each plot consisted of three ridges of 3 m length and 75 cm width. Hill was spaced 25 cm apart with three kernels planted per hill and later thinned to one plant per hill. The plots were irrigated after sowing.  The first irrigation was given after 21 days from sowing. The plants were then irrigated at intervals of 10-15 days.  The plots were informally fertilized at the rate of 120 kg of nitrogen per faddan given before the first and second irrigations. The other cultural practices of maize growing were properly practiced. Random sample of ten guarded plants in each plot were taken to evaluate Days to 50 % tasseling, (day): was recorded as the number of days from sowing to the day when 50 percent of the plants tasseled, Days to 50% silking, (day): was recorded as the number of days from sowing to the day when 50 percent of the plants silked,  Plant height, (cm): was measured from soil surface to the upper most node of the plant, Ear height, (cm): was measured to the nearest centimeter from soil surface to the upper most ears bearing node, Ear leaf area, (cm2): was computed for upper ear according to the formula (ear leaf length x maximum ear leaf width x 0.75), Ear length, (cm), Ear diameter, (cm), Number of rows/ ear, Number of kernels/ row, 100- kernel weight, (g), Shelling percentage was computed as 100 x (grain yield per plant /ear weight per plant), Grain yield/ plant, (g): was the weight of grains/ plant adjusted to 15.5% moisture content.

The obtained data were statistically analyzed for analysis of variance by using computer statistical program MSTAT-C. General and specific combining ability were estimated according to Griffing's (1956) diallel cross analysis designated as method 2 and method 4 model I (fixed model) for each location. The combined analysis of the two locations was carried out whenever homogeneity of variance was detected (Gomez and Gomez, 1984). Simple crrolation was used for comparison between the general and specific combining ability effects (Griffing method 2 and 4). F. test was used for comparison between GCA or SCA were determinded by Griffing method 2 and 4. 

RESULTS AND DISCUSSION

The present investigation was conducted to asses the genetic basis and to compare genetical analysis of the two methods using half diallel cross. 
The values of correlation coefficients between both Griffing’s methods of analysis (method-2 and method-4) for (
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) effects in two methods (Griffing’s method-2 and 4) was significant for all studied traits, revealing a strong relation between the two Griffing methods in estimating (
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The relative efficiency of the two methods is presented in Table (2). The efficiency was computed based on F-test between Griffing M2 and M4 for additive, non-additive and their interaction as well as error mean squares. 

Table (1): Correlation coefficients for GCA and SCA effects  between two Griffing methods of analysis, method 2 and 4 of the studied traits.

	             Trait
	Days to 50% tasseling
	Day to 50% silking
	Plant height

	Correlation
	L1
	L2
	Comb.
	L1
	L2
	Comb.
	L1
	L2
	Comb.

	GCA effects r
	0.923**
	0.886**
	0.910**
	0.861**
	0.888**
	0.883**
	0.924**
	0.950**
	0.950**

	SCA effects r'
	0.956**
	0.913**
	0.935**
	0.911**
	0.897**
	0.901**
	0.908**
	0.963**
	0.941**


Table (1): Cont.

	             Trait
	Ear height
	Ear leaf area
	Ear length

	Correlation
	L1
	L2
	Comb.
	L1
	L2
	Comb.
	L1
	L2
	Comb.

	GCA effects r
	0.747**
	0.875**
	0.840**
	0.977**
	0.972**
	0.975**
	0.917**
	0.958**
	0.946**

	SCA effects r'
	0.835**
	0.930**
	0.864**
	0.948**
	0.939**
	0.935**
	0.855**
	0.899**
	0.870**


Table (1): Cont.

	              Trait
	Ear diameter
	No of rows/ ear
	No of Kernels/ row

	Correlation
	L1
	L2
	Comb.
	L1
	L2
	Comb.
	L1
	L2
	Comb.

	GCA effects r
	0.815**
	0.873**
	0.840**
	0.767**
	0.879**
	0.873**
	0.822**
	0.747**
	0.771**

	SCA effects r'
	0.882**
	0.901**
	0.854**
	0.886**
	0.846**
	0.819**
	0.848**
	0.892**
	0.847**


Table (1): Cont.

	              Traits
	100-Kernel weight
	Grain weight/ plant
	Shelling%

	Correlation
	L1
	L2
	Comb.
	L1
	L2
	Comb.
	L1
	L2
	Comb.

	GCA effects r
	0.964**
	0.966**
	0.975**
	0.983**
	0.981**
	0.981**
	0.977**
	0.995**
	0.981**

	SCA effects r'
	0.890**
	0.933**
	0.913**
	0.880**
	0.943**
	0.911**
	0.948**
	0.979**
	0.971**


* and ** significant at 0.05 and 0.01 levels of probability, respectively.

Table (2):  Estimates of F-test for additive and error between the two  methods of analysis for the studied traits.

	 
	Days to 50% tasseling 
	Days to 50% silking
	Plant Heigth

	 
	               L1
	L2
	Comb.
	L1
	L2
	Comb.
	L1
	L2
	Comb.

	Additive f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	
	2.235
	
	4.450
	*
	3.151
	
	2.190
	
	3.981
	*
	2.857
	
	1.858
	
	1.968
	
	1.924
	

	M2xL /M4xL
	
	
	
	
	
	2.874
	
	
	
	
	
	4.097
	*
	
	
	
	
	1.937
	

	Non-additive f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	
	2.514
	**
	2.046
	**
	2.451
	**
	3.257
	**
	2.693
	**
	3.545
	**
	18.808
	**
	5.689
	**
	12.427
	**

	M2xL /M4xL
	
	
	
	
	
	1.210
	
	
	
	
	
	1.184
	
	
	
	
	
	1.022
	

	Error f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	 
	1.130
	 
	2.930
	 
	1.831
	 
	1.001
	 
	3.201
	 
	1.736
	 
	1.014
	 
	1.683
	 
	1.188
	 


Table (2):  Cont.

	 
	Ear height
	Leaf Area 
	Ear Lenghth 

	 
	L1
	 
	 
	L1
	L2
	Comb.
	L1
	L2
	Comb.

	Additive f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	
	1.316
	
	1.181
	
	1.285
	
	1.155
	
	1.257
	
	1.218
	
	1.174
	
	1.466
	
	1.361
	

	M2xL /M4xL
	
	
	
	
	
	1.217
	
	
	
	
	
	1.067
	
	
	
	
	
	1.486
	

	Non-additive f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	
	13.956
	**
	6.299
	**
	14.341
	**
	4.627
	**
	5.748
	**
	6.058
	**
	2.936
	**
	1.981
	**
	2.670
	**

	M2xL /M4xL
	
	
	
	
	
	3.793
	*
	
	
	
	
	1.487
	
	
	
	
	
	0.781
	

	Error f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	 
	1.213
	 
	2.116
	 
	1.521
	 
	1.246
	 
	1.191
	 
	1.222
	 
	1.275
	 
	1.639
	 
	1.459
	 


Table (2):  Cont.

	 
	Ear Diameter 
	No of rows/ ear
	No of grains/ row 

	 
	L1
	 
	 
	L1
	L2
	Comb.
	L1
	L2
	Comb.

	Additive f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	
	1.073
	
	1.100
	
	1.062
	
	2.990
	
	1.796
	
	2.314
	
	1.134
	
	1.158
	
	1.099
	

	M2xL /M4xL
	
	
	
	
	
	1.418
	
	
	
	
	
	1.117
	
	
	
	
	
	1.754
	

	Non-additive f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	
	1.706
	
	1.265
	
	1.752
	
	2.293
	*
	2.431
	**
	3.288
	**
	7.380
	**
	2.655
	**
	5.347
	**

	M2xL /M4xL
	
	
	
	
	
	1.067
	
	
	
	
	
	1.009
	
	
	
	
	
	1.110
	

	Error f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	 
	1.086
	 
	1.464
	 
	1.072
	 
	1.040
	 
	1.205
	 
	1.096
	 
	1.079
	 
	1.613
	 
	1.281
	 


Table (2): Cont.

	 
	100-Kernel Weight
	grain yield/ plant
	shelling%

	 
	L1
	 
	 
	L1
	L2
	Comb.
	L1
	L2
	Comb.

	Additive f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	
	1.330
	
	1.035
	
	1.148
	
	1.359
	
	1.244
	
	1.299
	
	1.645
	
	1.525
	
	1.602
	

	M2xL /M4xL
	
	
	
	
	
	1.582
	
	
	
	
	
	1.606
	
	
	
	
	
	1.520
	

	Non-additive f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	
	2.419
	**
	2.196
	*
	2.464
	**
	4.813
	**
	2.644
	**
	3.820
	**
	1.226
	
	0.948
	
	1.132
	

	M2xL /M4xL
	
	
	
	
	
	1.459
	
	
	
	
	
	1.143
	
	
	
	
	
	1.159
	

	Error f test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M2/M4
	 
	1.009
	 
	1.108
	 
	1.064
	 
	1.184
	 
	1.182
	 
	1.182
	 
	1.183
	 
	1.247
	 
	1.231
	 


* and ** significant at 0.05 and 0.01 levels of probability, respectively.

For additive gene effects, insignificant F-test was detected between the two methods used in this concern for all studied traits, except days to 50% tasseling and sillking at the second location (Table 2). These results showed that both Griffing method 2 and 4 were similar for detecting the additive gene effects. 
The correlation coefficient of additive effects in the two methods for all traits used in this study (Table 3) was highly significant between the two methods i.e. Griffing’s method-2 and 4, indicating strength relation between the two diallel methods in the estimation of additive and additive type of gene action.

The efficiency of the two diallel methods of analysis for additive x location interaction based on F-test is presented in Table (2). Insignificant F-test was obtained between the two methods (Griffing’s method-2 and4) used in this study for all studied traits, indicating that both methods was similar except days to 50% silking. 

The correlation coefficient of additive x location interaction for all traits is presented in Table (3). Significant correlation coefficient values between the two methods were detected. This result indicates strong relation between the two methods of diallel cross in estimating additive x location interaction.

Table (3): Correlation coefficient for the mean squares of GCA, SCA, GCA/SCA ratio and error between the two methods analysis for the studied traits.

	Method of diallel
	GCA
	SCA

	G2 x G4
	0.988
	**
	0.977
	**

	
	
	
	
	

	 
	GCA xL
	SCA xL

	G2 x G4
	0.991
	**
	0.996
	**

	
	
	
	
	

	 
	GCA/SCA
	GCA xL/SCA

	G2 x G4
	0.841
	*
	0.970
	**

	
	
	
	
	

	 
	SCAxL/SCA
	Error

	G2 x G4
	0.794
	**
	0.999
	**


* and ** significant at 0.05 and 0.01 levels of probability, respectively.

The efficiency of the both diallel methods of analysis for non additive gene effects based on F-test was presented in Table (2).


For comparison between the two methods, the results indicated that significant F-test was detected for all studied traits in both locations as well as the combined analysis, except days to 50% tasseling and ear height at the first location and ear diameter and shelling% at both location and combined analysis. These results indicated that both Griffing Methods (method-2 and 4) were differed in most traits in both locations as well as the combined analysis.

These results disagreement with those obtained by Dawood et al. (1994) in corn, compared the relative efficiency of two Griffing diallel cross methods, i.e. method-2 and method-4. The results showed that the two methods of diallel cross draw approximately the same picture of gene action in the inbred lines under study, where they indicated majority of σ2 SCA than σ2GCA, especially for yield.

Consequently, when costs, efforts and time needed for conduct the experiments and to analysis the collect data will be taken into consideration, the perferability will be for method-4. In this respect, Nawar (1985) compared between seven analysis of diallell crosses in maize included the two Griffing’s method-2 and 4, Model II; the modified diallel crosses (Matzinger and Kempthorne method (1956), Gardner's method 1967; the half diallel cross Jones (1956), the diallel method; the regression method (wr/vr) method of Jinks 1954 and Hayman 1954 a and b. He showed that the genetic analysis which were carried out by different methods of analysis of diallel crosses in general, gave a similar picture with respect to gene action. Also, in case of grain yield per plant and silking date, the additive and dominance genetic effects were important in the expression of these traits. Moreover, the two half diallel methods, Gardner's method, regression method analysis (wr/vr) and Matzinger-Kempthorne method (1956) may be more informative than the two Griffing’s methods; however, they are more complicated since a high seed computer facilities are needed to do the calculations.

Griffing (1956) stated that the diallel crossing systems in which the parents are not included are generally the most useful in plant and animal fields. However, other system may be used in special situations.

The efficiency of the two diallel methods of analysis is presented in table (2) for non-additive x location interaction based on F-test, insignificant F-test was obtained between the two methods (Griffing's M-2 and M-4) used in this study for all studied traits, except ear height. This result indicate that the two methods of analysis (Griffing method-2 and -4) reached similar results.

The correlation coefficient of non-addiitive effects derived from two methods of diallel analysis over all traits in both locations as well as the combined analysis were highly significant (Table 3), indicating the strong relation between the Griffing,s methods in estimating non-additive genetic variance. 

The correlation coefficient of non-additive x Location interaction (SCAxL)  and SCAxL/SCA for all traits are presented in Table (3). Significant correlation values of non-additive x location and SCAxL/SCA ratio between both two methods were obtained for Griffing’s  method-2 and 4, revealing that the closely relation between these methods of diallel crosses analysis in estimating non- additive x location and SCAxL/SCA ratio. (Table 3).
For error mean squares, insignificant F. test was detected between Griffing’s method-2 and 4 for all studied traits in both locations and the combined analysis, revealing that both methods did not differ between them (Table 2).

Also, the correlation coefficient values of error mean squares between both methods for all studied traits were significant between these methods, revealing the strong relation used in this study for estimation of error variance (Table 3).
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القدرة على التاَلف لبعض الصفات الهامة فى الذرة الشامية الحمراء بأستخدام طريقتى جرفنج الثانية و الرابعة
  محمود سليمان سلطان* على عبد المقصود الحصرى** عبد الرحيم أبو ليلة* مأمون احمد عبد المنعم* ماجد عبد العظيم على حمودة*
* كلية الزراعة جامعة المنصورة

** كلية الزراعة جامعة بنها
الملخص العربى
تم أجراء التهجين النصف تبادلي بين 9 سلالات مرباه داخليا من الذرة الشامية و تم إجراء تقييم كلا من الآباء و الهجن في تصميم قطاعات كاملة العشوائية بثلاث مكررات في منطقتين للزراعة وهما (مزرعة كلية الزراعة بمشتهر – جامعة بنها- محافظة القليوبية و قويسنا – محافظة المنوفية.

وتم أخذ الصفات الآتية(عدد الأيام حتى طرد 50% من النورات المذكرة والمؤنثة – ارتفاع النبات- ارتفاع الكوز – مساحة ورقة الكوز- طول الكوز – قطر الكوز- عدد الصفوف في الكوز – عدد الحبوب في الصف – وزن 100 حبة – نسبة التفريط – ووزن حبوب النبات) وتم التحليل الوراثي للنتائج باستخدام طريقتى جريفنج (الطريقة الثانية والرابعة – الموديل الأول).

مقارنة بين تقديرات تأثر القدرة على التآلف لكل من طريقتي جريفنج الطريقة الثانية و الرابعة. كانت قيم الارتباط موجبة ومعنوية لتقدير كل من تأثيرات القدرة العامة والخاصة على التآلف لكل الصفات المدروسة.

أظهر اختبار ف عدم معنوية لتقدير الجزء المضيف,  المضيفx المواقع , الغير مضيف x المواقع  والخطأ التجريبى لمعظم الصفات المدروسة.  و بالنسبة للمقارنة بين الطريقتين أظهرت النتائج معنوية اختبار ف في كلا الموقعين وكذلك التحليل التجمعي ما عدا قطر الكوز ونسبة التفريط.

كانت قيمة معامل الارتباط معنويةً للتأثير المضيف, الغير مضيف, المضيف X  المواقع , و الغير مضيف x المواقع , نسبة القدرة العامة / القدرة الخاصة على التالف, القدرة العامة على التالف x المواقع / القدرة العامة, القدرة الخاصة على التالف x المواقع / القدرة الخاصة, الخطأ التجريبى لكل الصفات المدروسة بين الطريقتين لجرفنج الطريقة الثانية والرابعة.
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